This paper provides insight on the relationship between individual obesity and happiness levels. Using the latest available panel data from Germany (GSOEP), UK (BHPS), and Australia (HILDA), we examine whether there is statistical evidence on the impact of overweight on subjective well being. Instrumental variable analysis is utilized under the presence of endogeneity, stemming from several explanatory variables. Results indicate that in all three countries obesity has a negative effect on the subjective well being of individuals. The results also have important implications for the effect of other socio-demographic, economic and individual characteristics on well being. JEL codes: D60, I31
the list of factors that can explain life satisfaction levels. BMI can influence happiness through deterioration in health, lower self-esteem, or lower social acceptance.
In addition, it may affect self confidence, personal and social relationships, and attitude. Though not perfect, BMI is a well established measure of obesity, employed by the Centers for Disease Control (CDC) and by the World Health Organization (WHO). Individuals with BMI i) between 18-25 are indexed as normal weight, ii) between 25 and 30 are categorized as overweight, and iii) over 30 are classified as obese.
Moods often affect consumption patterns and are associated with eating habits and disorders. In addition, it is intuitive that subjective well being itself influences numerous other aspects of life, both in the short and in the long run. Examples of the factors arguably influenced by happiness levels are, among other things, education and income levels, marital status, and employment. Thus, in the empirical estimation several explanatory variables are endogenous and do not obey the standard assumptions, since the causality could be running in both directions. This issue, not adequately addressed in the happiness literature, cannot be neglected as it may affect the robustness of the results, when the estimator is inconsistent. Stutzer (2007) is the only study that addresses this issue, however, acknowledging and treating for reverse causality only between happiness and BMI.
The purpose of this study is to examine the impact of BMI on individual wellbeing. It contributes to the literature in the following ways. Firstly, it analyzes the most recently available panel data from Germany, Australia and the UK. In addition, it is the first study to examine the Australian case. Last, it identifies the endogeneity issues arising from dual causality in the model and addresses them appropriately.
The paper is structured as follows. Section 2 reviews the relevant literature. Section 3 describes the estimation methodology and the data, and Section 4 presents and examines the empirical results. Section 5 summarizes the primary findings and offers some final remarks.
The Literature
The medical literature provides diverse conclusions about the relationship between obesity and depression. Roberts, Kaplan, Shema, and Strawbridge (2000) use data from Alameda County, California, to investigate whether the obese are at greater risk for depression. They conclude that, among other groups, the obese, females, and those with two or more chronic health conditions are at higher risk for depression. In addition, they find that, when all individuals with depressive symptoms in the previous year are excluded, there is greater relative risk for future depression for the obese than for the non-obese. This result holds in specifications that control for a number of variables affecting the risk of depression. Based on their results and on the results of other studies, they conclude "that the obese may be at increased risk for depression." Reed (1985) uses data from the First National Health and Nutrition Examination Survey (NHANES I) and identifies young, more educated, obese females as a subgroup of worse mental health condition. Several studies find strong evidence of the relationship between overweight/obese individuals and depression in females (Noppa and Hällström (1981) , Palinkas, Wingard, and Barrett-Connor (1996) , Reed (1985) ). Larsson, Karlsson, and Sullivan (2002) analyze the effect of overweight and obese on health-related quality-of-life (HRQL) in Sweden. Using data from a cross-sectional survey on 5633 men and women aged 14-64, their regression analysis finds the following: overweight and obesity for young men and women(16-34 years) leads to poor physical health, but not mental health. For middle-aged (35-64 years) individuals, obese men and women report health impairments, however only women report mental health problems.
The same result for females is supported by a study of adolescents aged 11 to 21 years. Needham and Crosnoe (2005) find evidence that relative weight is associated with depressive symptoms for girls but not for boys. Greeno, Jackson, Williams, and Fortmann (1998) also confirm that females with lack of perceived eating control and higher BMI are associated with lower life satisfaction levels.
For men only the lack of perceived eating control explains lower happiness levels. Stutzer (2007) investigates i) the probability of being obese given certain socioeconomic and demographic characteristics, ii) the effect of obesity on happiness taking into account self-reported self-control levels. His intuition stands on the hypothesis that only individuals who feel unable to control their food consumption should have lower happiness levels due to obesity. Using Swiss data, he finds that lower self-control is associated with lower happiness levels given the presence of obesity. Stutzer (2007) checks for reverse causality. He finds no evidence that eating due to stress leads to lower happiness levels of obese individuals with limited self control.
A similar study by Oswald and Powdthavee (2007) examines cross sectional data from the UK and Germany, using regression analysis to identify the relationship between BMI and self-reported life satisfaction. For the British data they also explore the impact of BMI on psychological distress and on self-reported "perception of own weight". Under all univariate and multivariate specifications in both datasets, BMI has a negative and significant effect on subjective well-being. Moreover, for the British regressions they find that BMI increases psychological distress and is positively associated with perception of own weight. Employment status, age, education, income, marital status, and disability status stand out as significant determinants of individual happiness under most specifications. However, Oswald and Powdthavee (2007) do not correct for endogeneity.
Empirical Estimation

Data
The data for Germany come from the German Socio-Economic Panel (GSOEP), a representative longitudinal study of individuals and households. The aim of the GSOEP survey is to collect data on living conditions, together with demographic, economic, sociological, political, and other individual and household characteristics. The data contains information about German citizens, foreigners, and immigrants to Germany. Weight and height data, are available only for the years 2002, 2004, 2006, and 2008 . Most other variables included in our specifications are available for all years, with no breaks. Besides Body Mass Index (BMI) the following variables are included in the multivariate specifications: age, gender, years of education, income, employment status * , marital status, number of children, disability, and household size. When data is available, some additional variables are also included in the analysis: political party membership, house ownership, saving habits, whether one has a second job, smoking habits, labor union membership, religion, region and nationality.
BMI is used to control for individual obesity level. Happiness is measured using the self-reported life-satisfaction index. Here we have to acknowledge that individual happiness and self-reported life satisfaction may not be perfect substitutes and in fact, as the literature has concluded, the two are distinct. However, due to the fact that life satisfaction levels are reported, and there is no clear existing * For BHPS employment status contains information on whether individuals are employed or unemployed. For GSOEP and HILDA data, the information is on whether individuals are employed or not employed. This requires attention in the interpretation of the results, as for Germany and Australia the results do not refer to the impact of unemployment on life satisfaction alternative variable that could be used as a proxy for happiness, we feel confident that for the purposes of the present study the use of life satisfaction measure can offer a good approximation of individual happiness and well being levels.
In the German and the Australian data happiness indicators are measured using an eleven point index from 0 "completely dissatisfied" to 10 "completely satisfied". The question is: "How satisfied are you with your life, all things considered?". For British data, the satisfaction index is measured on a 0 to 7 scale.
Subjective survey data, like that used in the present study, could be prone to several systematic or non-systematic biases (Kahneman, Diener, and Schwarz (1999) ). However as Frey and Stutzer (2005) reports, "the relevance of reporting errors depends on the intended usage of the data". Thus, when the purpose is not to measure or to compare levels in an absolute sense, the bias does not seem to be relevant. So, for the purpose of identifying parameters that influence happiness, these measures are valid. The choice of explanatory variables used in the regression analysis follows on i) our intuition regarding the possible determinants of individual happiness given natural limitations in the data, and ii) the literature on this topic (Oswald and Powdthavee (2007), Cornlisse-Vermatt, Antonides, Ophem, and den Brink (2006)).
Methodology
Surprisingly, existing literature, with the exception of Stutzer (2007), examining the relationship between happiness and obesity does not address the issue of endogeneity that could be resulting from reverse causality running from dependent and independent variables. Endogeneity could stem from multiple sources here since happiness influences and is being influenced by a series of factors. In addition to obesity, several other factors included in happiness regressions, i.e. employment status, marital status, income, and which arguably have an impact on individual well-being, are at the same time influenced by it. As a consequence, dual causality might run in these types of specifications for more than one variable, in fact it could run for most regressors which are not exogenous by nature (such as age and gender).
In the presence of endogeneity we build the following model:
Here X is an n×K matrix of control variables ( 
Results
Results for Germany
All results for Germany are shown in Table 7 . Below, we analyze only the instrumental variable results (IV REG1 through IV REG7). OLS results are presented in columns 1 and 2. The regression results for Germany point to a clear negative and statistically significant relationship between obesity and happiness. Under all specifications, IV REG1 through IV REG6 in Table 7 the coefficient on BMI is in the range (−0.0729, −0.0797), significant at the 1% level. Given the size of the coefficient and its robustness in the multiple specifications used, one can conclude that higher levels of BMI are associated with lower levels of self reported life-satisfaction.
Regarding the rest of the explanatory variables, females report to be less "satisfied" with life compared to men. All results on gender are statistically significant at the 5% or the 1% levels. As expected, disability reduces life-satisfaction by approximately 0.5 units under all specifications. This result is statistically significant at the 1% level. Income is associated with higher levels of happiness. The coefficient on income suggests that individuals with 20% higher income report life-satisfaction levels one unit higher than others, ceteris paribus. Educational attainment is positively associated with individual well-being. The sign of the coefficient is consistently positive, significant at the 1% level across specifications.
The size varies in the range between 0.0238 and 0.0472. With respect to marital status, only being single or being divorced appears to be statistically different from 0. In agreement with intuition, as well as past research, the number of children increases life-satisfaction. One additional children in the family appears to be associated approximately with a 0.09 unit increase self reported happiness levels.
These results are significant at the 1% level across all specifications. Individuals who live in "crowded" homes, seem to suffer a loss in their well being, equivalent to almost 0.1 of a unit, for every additional person added to the household.
Agents who report to be members of a political party, report self satisfaction levels approximately 0.3 units higher than those who report the opposite.
Results for the UK
Regressions output for Britain are shown in Table 8 . Columns IV REG1 through IV REG7 present the instrument variable regression results.
The coefficient on BMI has the expected sign. However, except for IV REG1, the results across specifications are not statistically significant. Life satisfaction is decreasing with age, at an increasing rate. The results on age are all significant. Disability status appears to decrease life satisfaction by 1 whole unit, under all specifications, a result that is significant at less than 1% level. Surprisingly, the coefficient on income is negative. However, across specifications IV REG3
through IV REG6 this result is not statistically significant. The results regarding the relationship between education and happiness are not robust. For the most part, they are not statistically significant, leading to no-single firm conclusion. Being separated, widowed or divorced are all received as negative shocks to individual life satisfaction. Similar to the German results, being divorced or separated appears to have the most severe negative impact on personal well being, among different marital statuses. All marital status results are statistically significant. Smoking appears to negatively affect well being. In particular, under specifications IV REG5, IV REG6 and IV REG7, the coefficient ranges between −0.22 and −0.28, significant at the 1% level. Regarding financial information, our findings indicate that people who save and people who own their own home are happier, ceteris paribus.
Results for Australia
The Australian regression results are presented in Table 9 . Here, like in the German data, the regression analysis reveals a negative and highly statistically significant relationship between BMI and self reported life-satisfaction. In particular, in the multivariate instrumental variable specifications IV REG4 through IV REG7 the coefficient on BMI is approximatly −0.04 at the 1% level of significance. Older age decreases well being, at an increasing rate. Disability is found to lower life satisfaction slightly more than half a unit, on the 0-10 scale. These findings are highly statistically significant. As expected, income is associated with higher lev- 
Conclusions
This study investigates the impact of obesity on individual happiness using panel analysis for Germany, the United Kingdom, and Australia. The contribution to the literature is three fold: first, to our knowledge, this is the first study to explore the panel dimension of the existing data in the investigation of the addressed research question. Secondly, this is the first study that examines the Australian data to identify the possible relationship between obesity and happiness. In addition, this study addresses the potential endogeneity problems that arise from most variables included in the specifications used, as a result of reverse causality. These endogeneity issues are tackled using the panel elements of the data which offer the necessary exogenous instruments. Last, but not least, we identify other significant determinants of life-satisfaction and discuss them.
For Germany and Australia, BMI has a negative and statistically significant relationship with self reported life-satisfaction levels. For Britain, although the coefficient on BMI is negative in all specifications, the results are not statistically different from 0. The findings across specifications for all three countries point to some common conclusions. First, disability severely impacts individual happiness more than any other individual characteristic. Secondly, being separated or divorced (compared to being married) reduces well being at a statistically significant level. Other results indicate that for Germany and Australia income is positively associated with happiness, as expected. For education, the results are mixed: for Australia the relationship is negative and significant, whereas for
Germany the opposite holds. For Britain, house ownership and saving habits appear to be beneficial for individual happiness whereas smoking impairs well being.
Household size, measured as number of people living in a household, decreases life satisfaction at a statistically significant level, both in Germany and Britain. In Australia, females appear to be happier whereas in Germany they are found to be less happy compared to males. The data used in this publication was made available to us by the German Socio-Economic Panel Study (SOEP) at the German Institute for Economic Research (DIW Berlin), Berlin.
